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OBS	
  at	
  26.5oN	
  (RAPID-­‐MOCHA	
  	
  Array):	
  	
  
18.5±4.9	
  Sv	
  (04/2004-­‐10/2007,	
  Johns	
  et	
  al.,	
  2011)	
  







Ini$al	
  month	
  

Final	
  month	
  

Weak	
  AMOC	
  in	
  CFSR	
  ini$al	
  condi$on	
  (IC)?	
  



OBS:	
  18.5±4.9	
  Sv	
  (Johns	
  et	
  al.,	
  2011)	
  



Ini$al	
  month	
  

Final	
  month	
  

Strong	
  ini$al	
  AMOC	
  in	
  ECMWF	
  IC	
  is	
  also	
  weakened	
  



Model surface water is too fresh in North Atlantic	



OBS	
   CFSR	
  IC	
   ECMWF	
  IC	
  



OBS	
   CFSR	
  IC	
   ECMWF	
  IC	
  

Considerable	
  freshening	
  occurs	
  in	
  upper	
  200	
  meters	
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Where	
  does	
  the	
  excessive	
  freshwater	
  come	
  from?	
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Net=UW-­‐UE+VS-­‐VN+W-­‐h+P-­‐E	
  



(too	
  large?)	
  

(too	
  small?)	
  

(too	
  large?)	
  



Top	
  panel:	
  OBS-­‐based	
  zonally	
  
averaged	
  surface	
  freshwater	
  fluxes	
  
over	
  the	
  North	
  Atlan&c	
  
Lower	
  panel:	
  Freshwater	
  transport	
  
integrated	
  from	
  65◦N	
  (boeom	
  
panel),	
  with	
  es&mates	
  for	
  different	
  
la&tudes	
  summarized	
  in	
  Wijffels	
  
(2001)	
  and	
  Talley	
  (2008).	
  	
  
From	
  Romanova	
  et	
  al.	
  (2010,	
  
Tellus,	
  Fig.14)	
  

Solid:	
  GECCO	
  
Dashed:	
  HOAP	
  

Dot-­‐dashed:	
  NCEP	
  

✕ Wijffels	
  

Δ	
  Talley	
  

Compare	
  with	
  CFSv2:	
  

VN(64oN)≈0.2Sv(over-­‐es$mated?)	
  

VS(40oN)≈0.1-­‐0.2Sv(under-­‐es$mated?)	
  



Increased	
  tropical	
  SSS	
  does	
  
not	
  affect	
  mid	
  la&tudes	
  
significantly	
  

Is	
  the	
  subtropical	
  water	
  transported	
  northward	
  too	
  fresh?	
  



Surface	
  Current	
  	
  
Climatology	
  OBS	
  

CFSv2	
  

çSurface	
  driker	
  data	
  
Lumpkin	
  and	
  Garraffo	
  (2005)	
  

çCFSv2-­‐NEMO	
  



Ar&ficial	
  Sea	
  Ice	
  
mel&ng	
  in	
  Arc&c	
  
Ocean	
  could	
  be	
  a	
  
source	
  of	
  freshwater	
  
flux	
  into	
  North	
  
Atlan&c	
  

Sea	
  Ice,	
  ECMWF	
  IC	
  



Sensi$vity	
  Experiment	
  
Albedo	
  (ICE)	
  Run	
  	
  
(10-­‐yr)	
  	
  

Sea	
  Ice	
  Albedo	
  0.8	
  	
  
(Control	
  0.6)	
  	
  

Temperature	
  range	
  of	
  albedo	
  
change	
  with	
  ice	
  melt	
  
1.0oC	
  (Control	
  10.0oC)	
  

Based	
  on	
  suggesBons	
  from	
  
Dr.	
  Xingren	
  Wu	
  	
  
(EMC/NCEP)	
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Improved	
  Sea	
  Ice	
  increases	
  AMOC	
  (but	
  not	
  enough)	
  



Brackish	
  water	
  “leaked”	
  
from	
  Bal&c	
  Sea	
  may	
  also	
  
cause	
  the	
  North	
  Atlan&c	
  
freshening	
  

	
  	
  	
  	
  ICE	
  Run	
   Sea	
  Surface	
  Salinity	
  
November	
  
Ice	
  Run	
  



Sensi$vity	
  Experiment	
  
TOPO	
  Run	
  (10-­‐yr):	
  	
  

Sill	
  depth	
  between	
  BalBc	
  Sea	
  
and	
  North	
  AtlanBc	
  is	
  raised	
  
from	
  100m	
  (Control)	
  to	
  30m	
  

The	
  freshening	
  in	
  the	
  eastern	
  
part	
  of	
  North	
  AtlanBc	
  is	
  
reduced	
  

Sea	
  Surface	
  
Salinity	
  Difference	
  

TOPO-­‐ICE	
  



Summary	
  

AtlanBc	
  meridional	
  overturning	
  circulaBon	
  (AMOC)	
  is	
  weakened	
  in	
  CFSv2	
  	
  

A	
  freshening	
  trend	
  in	
  northern	
  North	
  AtlanBc	
  shuts	
  down	
  deep	
  convecBon	
  in	
  
Greenland	
  and	
  Labrador	
  Seas	
  

Extra	
  freshwater	
  storage	
  is	
  associated	
  with	
  weak	
  (excessive)	
  subtropical	
  
(arcBc)	
  transport	
  and	
  strong	
  regional	
  precipitaBon	
  	
  	
  

ArcBc	
  sea	
  ice	
  thickness	
  can	
  be	
  maintained	
  with	
  increased	
  sea	
  ice	
  albedo	
  	
  

Improved	
  sea	
  ice	
  and	
  marginal	
  sea	
  ouTlow	
  only	
  have	
  transient	
  influence	
  on	
  
AMOC	
  strength	
  in	
  CFSv2	
  





Where	
  does	
  the	
  excessive	
  freshwater	
  come	
  from?	
  

Slid	
  lines:	
  CFSR	
  IC	
  
Dashed	
  lines:	
  ECMWF	
  IC	
  



CFSv2	
  paeern	
  similar	
  to	
  OBS	
  
Equatorial	
  and	
  mid-­‐lat	
  precip	
  excessive?	
  


